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(54) PRECURSOR FOR FORMATION OF SEMICONDUCTOR THIN FILM AND 
MANUFACTURE OF SEMICONDUCTOR THIN FILM 

(57)Abstract: 

PURPOSE: To provide the manufacturing method of a 
precursor whose productivity is excellent, which is suitable 
for a solar cell with a high energy conversion efficiency, 
which has a distribution of a band gap, which is composed 
of a group lb element, a group Ilia element and a group Via 
element and which is suitable for manufacturing a 
chalcopyrite-structure semiconductor thin film and to 
provide the manufacturing method of a semiconductor thin 
film using the precursor. 

CONSTITUTION: An oxide target 2 (e.g. Cu-In0.8-Ga0.2-O) 
which contains a group lb element an a group Ilia element 
is sputtered, a film is deposited on a substrate 7. an oxide 
target 3 (e.g. Cu-In-O) whose composition is different from 
that of the target 2 is sputtered, a film is formed, and a 
precursor is formed. The precursor is heat-treated in an 
atmosphere (e.g. mixed gas which contains H2S and H2) 

which contains a group Via element, and a chalcopyrite-structure semiconductor thin film 
[Cu (In. Ga) S2] which is composed of the group lb element, the group Ilia element and the 
group Via element is manufactured. 
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(57) CKttl 

fife . II I a MS £ vi a fit tc S £ *5> ft * * A a t U v A \ 

%^^^%^^^wm%%^WkH^k. high 

12 <0M,t*. Cu-hi,.8-Ga c . J - 

iifflg£«r>S^^|ift^^-y-y r 3 <Wtt Cu-i 

fy(E(*&V i a fe7cK*atf#aSl4 l H, S 

fit. niaj»i\ia*E7£** 4 6ft**^a'W^-i' MS 
3&^9I$9I> (Co ( i ii. Ga > S> ) ftttef 
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1 

i IMCE 1 ] «W±(Cjl*4 < i *> 2 ^fcLt^sfcc^ 

lai^***tfHlfciarC*-?r. Hi2Kifc«*G>2ff 
jRW Ilia K^OtB^^^iiSfitn^MI'iXftii: 

ii a s?ic»^a^t^(*±?>^itte3nfcKftttwia 
-s<P)l s*i*t?art«*c««t & * $ <c »tss r * 

[15**3] g#±cc«SI^* ib55£ !iia^7c^ 

in a K7cS0>tS«tt^»a < £ 4> 2 tt 
SKi±fl>wffl»fb**«'*«i»trrl»iEo ma a^Tc^ 

[ig**4] ettJiocfcgW'* ibKt metered 
^6 f ktt i Or , Ilia IHSgJRWKWWI 2 
«atl±«!>Bffc«l«:JWK««0. iiiajK5E3ft«>«9W* 

6St&Hffctoi5»*<7> IllaiBSBfctf. ^fr<£fcGa 

MS 3 *i fc«6»f*Sfir- & zit&m i - 5 <oi *rhfl»(c 
[ig**7] etfe*, smmttr. £fcte. s«« 

fttc £ o *»itsii»flJiflMrtB#*ijfio, *v**cwaa 

BWIt^vialifiTcS^^OTa^CttftiairiCitc ^0 
£0 inalR5LWla*i5cJR^fett&*. , l'3 

[is**9] JfK**A&l*WHB?lk*BR 

[lg** 1 0 ) .*MSM#. M«HSft2 0 <TC- 1 0 

[IS** I 1 ) ^<t»^^«*fl>*«ttS^O 50 
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2 

[ 0 0 0 1 ] 

»tf*3^fWS©l^^tero* * 4><?>r*> •} . #«: * 
[ 0 0 0 2 ] 

[f&feOttitH ibifi. nia2£4Lvia&5e£*>tbfr& 

o , *B8Iftj«c j: fca*fc t * <t i *^ « 

jfe**ort*&ci3!WR*snri*-6, cocuins 

II a g57cStr***G a *H»or*W^*lGf*:C u 
■(In, Ga) Se, W^St-fc^PWftoWgft^ 

* or -» ccgftsii 

fc^5t©sS$n^c^ * ur«**j: 

(tr&«cc9W31ifcyu-'? c ^ KBCu (in, G 
a> Se, HMR3*3ftr<r»£. CCr " (In- G 

fttBrt^i^iiSfltorc'*. 

-5^^ KlCu (in, G a } S e 2 K(J, C 

u . In, Ga &tttt%tttt<o^vmvmt& 
< , w^iaiccfflaib^afefbowB^Hwa^^ 
iE<orkv> kvtm 9>tuc < c ^ -5 ^ wb *> ih h • 

[ 0 0 0 3 1 *B«*B«»*l«t**»W8 
^-wCii InSe, S8BW§^t\^«i6*it4;0 
r. fiJB«±«B.«OfeCui i ncoMBKI*^. 

a^^D-fe^r*>0, Cu i nSe, WR^Mfi^^ 
16WC * & i C O «A O r i » fts£X^ tc 

^InSei >^C u S e ^ ZQ&OKSSBi Ofc**« 
«05(£T3^Bn!IBi^-?r4<5»), *Bfii«Hfi#tt 

[ 0 0 0 4 ] -te U > ffcttflC'WH^***^***^ O 



3 

r. Cu t i wttttmv® (Cu - i n -o> 

* (Applied FtivsicsLetters ) 6 2^1 6^ 

^194 3^19451^ "7'»J ^U—>3> 
ulrtSi ^ f.'^X 

> Cu-ln-0 7 ^ Jl'AX ( Preparation 

of CuInSj f i Iras bv su Truncation or Cu-In-0 film 

[ 0 0 0 5 ] C<Z>«§r**affc4UC>C u 1 n S 2 tt^l* 10 

jfcfeCu inSe, 6^6ni>c c©-&ftliC u t ! 

inSe; yum ^niifi^fflv**?**. 
[0006] 

[ &m*m&i l *> t f *we ) mmn&* t>>\>^ v 

J: ot«$Wc^l2;^ ? „f Kfii£i£«(^§Si**fi 
n. Ga> Se, Jg<7>J: ^(CStHHWBtaitSU'*** 

I 0 0 0 7 ] £ A:* Cu- I n - O * ffiSBI* <t UCKfb 
^^>^^-tei->lt^cj:->*CfPiil^cOu !nS, 30 
u I a S e j «^4a4T»0AB«i««8tt^ 
> £ t O BBS! ^ £> 0 , S8£a$a s fi ^n*^ 
«* fcffSW £ /ctf>cc tissc «b 0 38 < ir £ C t 

Acinar, ^af^r'-^^^fe^?:^^^^^ 

jaOfc«tt««<Z>»W*^TS nia^ivia 
l 0 0 0 9 ] 

50 
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A 

I 0 0 1 0 ] *«WO^f«5K^«£fflW6B#«)fi!i6* 
fcLtoc- ixiaft;cX*^K l k#!'C*<?'C. firteKffc4» 

2!I#U>Lt<C' Ilia S^7cSO>31«i£tb«r »KisaftWtC 
J^^fb$H*^^S»:±^«fWl/. :i^< £*>2«£i 

[0 0! 1 ]-SCSC933Ste*. BisB*^?8*ftK:4^»r, 
Sf*±icifcST£ lb&£ mai«5cSa>&fc*»U«S 
*>s. ii)J$ti : i>rj:< <b t> l mw±v> nia^TcS^^t^ 
■Hbtt^S^O. lliafeTcS^cci^&^cD ma 

^Bcitfa-r-S iDfei nia^TcS^bv^Bjib^s 
t isX, ina JifiTcdgOttSWBtt-S 2«SWiLtcc«(t 
lp:XJgf9 U . ma j^7C^<^>4i3i^S^ ^> 2 §W± 
OKfb^f?K€:^.^^*«i*wlg^^^ 

[ 0 0 13] mi^?ft&<»¥mftm&W;&Mm 

na&^fre>ti&mtt»MBLG<» ilia ^ 
v<i^>Oa^^ ^7c^ 6 tf Z> C 1 3Wf * ». 
[ 0 0 14] ^"c, R^iTti^^KWtffW&fiXJSn 

[ 0 0 1 5 ] * -*Jfe9l«>*i9l*:!BKfl>*y6*Sl*, 

Bli^lt^vi a Jg5c3ft«r^»a»*'Ca443ft'r ^ C A 
Ib^. maKRWialRTciR^feft&^.'Ua 

[ 0 0 16] B7i2**WcC>^#?^t©*4jS*^to^ 

r«. (Waia* 1 . gcc7kS^-£>^t*-K[b.^cc:^fei> 

r^. JBwaaw. j»i«uaaft2 o o*c- 1 o o o*c<o» 
[ o 017] arc, srgac»Tn^4?>*35(*?SK©»!i£* 



[ 0 0 1 S ] 

Htm) Ib&l?*>4Cii ±2~?VL±<0 UlafSTcStC 
^^IniGa v££!EiI*&via ^ic^&St^S 

(In, c«)Sc a ««:^i*r«>. 
4K&5 0 0 •CfcLbOTlft ^i^SISfS &£&5? 4 U . CO 

an,. mz\t2m<mimmmv2>zcu - u-ot 

C u - G a - O £ EH > £r, *l *»*SS«C:'C«.* U 

SEf*<£«fk#ffi«i<&i^^^ 

3tl4C4tC£4 0 C<DCtfr?>, mg:&(D Illa&7c 20 

<l£Kj£(k&^* * C t&*M± fr4<ZTC*>4« 
I 0 0 1 9 ] m-Sutc^mo>m 1 <MH*K*H» % C 
ifrhl£*m?Z> is>ftt4 inaf£^*3*&fr4Kft«i 
/A ibK&.'J'flK 4fc2«»«-b© IIia^TcS^ 

±tc«»U 4fc2«JWa±<Z> niaK7C*<WI 

w^csa« , r-&<t, s#±^<e>H^s-n4 2 

-*Z> ina^5c^r'^SGa 4 i nCSW^S^^ 

^•CRMfiSU'Ctttc^^lifcCu (in, Ga> S 
e? BtcfcW4Ga4 ! A*B»t«il»«ltl31ttWC«<*± 

a £ £ < ^ W l/"Cl*4 *^*6SW<fi^l2; < # 4 C 

4Cu (in, Ga) Se 2 ft*f»4ft*. C«>««fc 40 
fti|KBia<0**f*??IB<t UTJHt'"C*II*fc&frtt*'4» 

4 . «*±r**eff f*ift-c*aas *ifc* * 'j rt*;£ 
4a*ca, *«awaftfe , r*» c©<fc$*sww*K>s£ 

I ki**#ffl<DS 2 OSfctf K * L' fc 4 W«> III a IR7C 

[ 0 0 2 0 ] BVIS^ftlfiCOff 2 OSStii*, S($±f<:*f fa 
*4.It>*4 nia*7G*^&**Bffft**V i^^i 50 
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$a < 4 * i eiy±<z> ma jrtc** atraifttt*»6tc 

0. majSicS*^***^© !i!a8§icK<&fflfi& 

^Ut^tO) riialRjc«««iJI«t*Iltt*28l«±«> 
BMtWS«*»ia , S'&4»«> , e**J, ss&itcfrH^c id 
&7t£O;£WS0£4 niaiS7cS0S"#il^*&S4«> 
I*]— *ca>4#. £>&^fe<£' ina&7tS<^W£y£K?£ 
gr-2>4-eo^ii^!i^ot -7f.95fk(./t:t^4><Dt? 

-Gap., -0*CS2JggaiCii- I n-O 
Klk0V*>hifi. inaSSSEX^bX I no 

^*y*tcttar&4srise^o- 8T?*>ofP2ja@ 

II a SpcdR* 2 Jig * n XV 4 ffl*^rfc>tf *C <b H 
< SUJsB#Cu- i a..* -Ga,., -OS8X'SI2 
JSgftiCu-I n«.« -Ga.., -0§£4S^$a*£fc> 
-t+CC'^ii, lb^7t:^4 ilia *5t7cJR©^W 

^#ISifelSi-^0 1 :-l«R-i L tttt*"CA4^ 

^4^<7> inafe7cSt^ux- ! v.<os^m&c^mr 
«tot:jtfkb , Ci»4^ c<c4»^sg^fesr2 0«s«K:^ 

Sn4«-CA4. C<0te>^»2(DS^IIi<:J:-7-Cfe. CO 

cc. Befk*9fSSt<tftJW4 lb^7c^<l: ma ^TcSOIif 

»W»*|«>3tfk*WaS"tt4Ci^r-#4«>1?*4, 
[002 1 ) ^miVWfZW&m, »(*±w:« 
faT4 !Dfe4 raa*5fc7EJt»*^tt4K(k«Jil/'C, I 
II a 3£7G^©fi8AWc?4 2a«eLb«Bfk*fe»X* 

jg^^.^4^t?A4^. COJ: : 5»^fi0:4^4^e 
±(cffll&l*Cu -Ga -OSSiCu - I n-0^^)^X 

^W^-Y h t£j£^e#??!8K: O Alig^^ , |S)««:S*W 
^B^[^^J»<SSfk^±0 , filB<kiai*CC*«ftifi 

4p9SU^tCcT: D^S^i^ttf 4C <t*«H«&«t*) > 
«a^/M/fc?53*^«:F*<:C4^t?*4. tt-yt. =^i- 
»J 7«tt»rfM5 <* < ttr C 4-^o]fi64 w 4. 

[ 0 0 2 2] «St 4Bfk«sJ8«MD^ fe. 5<*«l 
tc|g?*4 !l>.^4: iiiaSS75SA>^4iafkftfi!»*0 

ma tSStttfi. 'P* <4^Ga «rdt^7c3R^6^4iE: 

inSj J:*HCuOaSe, *4^ttCiiCaSiO 
*;VSS«tt^Ktirfe0. K-sT, g(»±«cGa*4>tc 
<ii^Wl/?c«, «^v*Cu-Ga -Oi«A4t*tiC 
u- I n-Ga -oa**SSi/, j»«C4Ki:«J* 
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ccf«X O fc iU^^C £*> S "C 3 . C (OSS 
ft^4W#!S!SCD±^ 6t£ £ fiSSf fill * * I ^ 

^ * h u - h 52 (dMWkm toxm^ct #*c * *f 

[0024] 3 6ic, Sf*tti8^^S8X\ 

"H sftjs t i§ p^^^fli £ tai o tc tf v * ^<om mm 
ii. c assist* c n fcoKiMWStt* bh > w 

wcmt&fX'frz. comskt, p niSsa^S(**Bft 

^i^^ C#G a ***gfc] 5 ^ & *Rtt & C t ic J: 20 
C/3th£C£#^ffe£ft£, 

[ 0 0 2 5 ] 2 ^m^<O^WS^>MW7tt\t, 

HlBftttVia R5B3fi*a<?Jia»* B C(WWai , 5' * C i 
J:0 lb ft. maftR^viaft7C«A^^**^ = 

ifc <».«»i5> t*, BSfcf(3tt&i/ritfi!T-&ci«:«*;*J, 30 

A3;W5^ HsjS#a»(*?Sfi<tr^ft:i6CC, via** 

S4gtr«a.^*t?jfeWaiBiyr*>^*tii:c*& ma ft 
r. ^<*a>Kftt»w*© 

*t«C4(cJ:»J , WteRfk*WW^^vialfi5cJR«: 



1 0 0 0 - coeB^«as-c*4«f « oi»s6tiir & c 

[0028] |ii!a^tcj:0^>i$nfc^#ff 
A« ±r^?fe^'7t^@^ flBt * * C £ K J: ♦) 

[0029] GLbKJ: 0 . JSC*x^^¥-^ift^)$^§ 

[ 0 0 3 0] 

ir>ni> Hiafe^iUC^Ga, I ft, A!W#» 

[0 03 1 ] *»B*ftt»6nfe ibtSAX^ 
nia JSOTlW&BrfbWW^fe ft W*f5 
ggf*4viaK7C*^trS:Ba*r-a»ia^*C4;tcj: 

*). iblfi. malfiRU p viaifi5c** i 6a4*^=a' ,< 
h1&^^^flS^^T^^^fE>n^via 

PUxiiH 2 Se^>H 2 S ft ir«>**fk«l, CS, ■«> 
HftKfbh. <CH, >* Se^(CiHi) a SeftAT 

via S^7c^a>^kS(b1^^S 
[ o 032] cit, is^cjattEflWJBftWK^^^'ca 
ffl * fcffi o ft 6 Jfe^-^ 4 c o^jgi^to^ 

tcB^$n44>or.r'liftv>. 
Sfeffl i 

H 1 CD*aB«c^»t:, ^ifAD 2 0 ^w^^^^ss 
iP5ic ib 1st mate*«*ll#*&tt*«*W 

$r - y h 6 flWRHtlT 5: M ^> C <L ^ 4S*SS 4 
t5ittW&; *fc, HRaHaft«SW*«6«:S#7 

«rffic»ftio Mo tfPSUfcW*, 5§"-S-'i? 
\mz->/? h 2t3iUS^Cu - Ga -O^Cu 



(5) 



tOz (i*^tbA r 0 2 =95:5) 

AU . 8 x l 0 " ' T o r r <C\S£*X'Sl5<S*#& 6 £ * 

Watt-^tttft^iK^lSTS. ccc, si©*-** 

Cu-Ga-OiCu-I n - 0©&Sj£&£©ltW*r 
C4dSM&, Rot, ^©attne*** 4 - 1 ^ 

a - O £ - V v h^fl>enJB«^«r I K WA>5 1 0 OV 
tc. Cu- ! ii-O^-y? h^©EPfcl^ft5 0Wa> 

o 1 WH, Se^5 0 OTorr WBXftV* 
5 5 OVr-lRflttiM&SL'C. I big. ilia^ivia 

^>Cu(!n, Ga)Se, »«*»*Ufc. W. Hi 20 

[0033] 02w&c>'i<:B3cc-c-nen^6n/c©ffc; 

ftM^Cu (In, Ga ) S e jWROX&BSffi't* 

■nr. ?^/^7A»c^ci^^^o 03K7n 

UcCu < ! n- Ga) Se, Bgr-fc*. ^Ua-K-f 5>*f 

v sa«36*«i*»»^«fi£snri**c t^*>***. £ 

fc. Ou < i n. Ga) Se, JfttfCu inS^ £C 
uGaSe, ©2 ^<D^(OW.^<0^\tM^ tr- * 30 

tt*J^nrc*4C<!;^6. I niGa^SUcCu 

( i i\, Ga) Se, B^^nrc^.ciA^iar* 

[ 0 0 3 4] H 4 K**tM*C»&nfcHMB#* 

t**Wu - I ii-Ca-OW, H5*cCu Un. 
Ga) Se, 

n^^2 2 £3 ai*Cu5B*, 3 <fc 3 3**Ga7G 40 

SL 4 £ 3 4 It I ii7Hft©*HI5«:* , S'tt»Cab 

B4 3^6KfbM9ISCu- 1 n-Ga-0©S«MS 

©Epifl^tii: 1 ) i n£Ga©tt*^©4SLMb¥**IW 
[ 0 0 3 5 1 HStcSWifcSKiC u Un, Ga) Se 
«c»HTl/, I ftiCai*«*ffl*6MoB*«^n so 
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fbttBScE>5B*»Tp3^C u (In, Ga)Sei Btfc 

<* nr c * * c £ *<> 

[ 0 0 3 6] »6nfcC u (in, GalSe^lp 

cc«fc9C<SS«! <nsa*«(*ia> tftfiu E(C*><? 

n.Oj - S n OBtT'S n 0«^W»S^5 SfiJi > 
^U-C^RRSlk^fl^l/fc, CCO^mm^, AMI. 
5 . l 0 OmW/ c in* ©**JBHl/**-«E4*te* 

as«o&tt*. £&3i5u s«KLb#»&nfc. cnti 

IS— $a.»&©Cu <in e . & Ga fl .c> Se^ II&83W<:;£ 

[0037] st ne©*^*A-'<**y>*'tw* 

frc^fbL/rt^PSg^fP^T'^^ c^. Cu- 
Ga -OiCu - j 3^©EP»i^ 

3tf6*J<?* , J>y<MT5C±u:J:->'CGa £ 1 n©lS 

Oll**I^TC'«.^b(^?li<Dia:fb^fifeL/$1**.. 

0 . ^Cu-Ga-O^-^'v h 2 <D3fif$&*>& 

*££i*G a ©S^** * < Cu - I \\-0$~ J / ? t 

£ Jit K 7C® SttIS gq fgi* ^ J&frC * , 

^Fi «S?fea>S^ i t ab ^> C ffeffitS 1 b«: C £ 3* «Jft <b 
[0 03 8] 

^fcg ^tct *rn^ < x ^ - s>Hf4 <t ox mi>& i><o<o i ^ 

[0039] C©S#! OiCC^rCu- ! n..,-G 
-In-OSl2*fiO. 8iJm«B!0fc o C^^i* 
2LZ 'rCu-ifi..! -Ga 0 .: -OiCu-i 

CCu- i n,.,-Ga t i -OK«:SI*±^«SSU, * 
cc. i^&4£f£G£iKlg52:£34 OJMHl'tTCu- I 

n -o^m^Mttj:^^v^ot<u iraotcwM 

H:%SKtt4i<C An-^ ! 0 0 Tor f ©Hi SiH, © 



11 

«£*/*#B.*4" UWSJtH, S : H 2 =1 : 3 ) tT'5 
5 0 *C • 1 l#M®&&9& tf C*C u (In, G a ) Si 

I'XJbccm. 0 n m«MWW>C u - 1 n-OiCu - 
i i\ t . t -Ga t .a-00***n-Wi*«<.#A:2o^f5 
ttf*«:Bl«ft*ff : 'C«ffcl/XCu ! ii Si K<tCu ( ! 
n..,Ca,j) $ a ■*ff*<l'A: 0 
[ 0 0 4 0 1 *»«»*«€W&*C«. *«JRS±tC3g 

?T->fc. ^^>3Sm. Cu I rtS, fii*«<kAxiTMo±^ 
&M£l/fc£*. Cu (Ift. Ca)S, BiCu <ln 

iftfiQUfeCu I i\ Sj 

[004 I ] ftbfttcCu (in, Ga) S a BiCu 
(I ^..Ga,.,) S a M±(Cf|jAbMK«rSttKtiltE 
cc£9Cd$IK€JHftl'. JEccx/<?*ftecj:OH«IMa 20 

T*WM*fPWUfc. CX£*HMiSiK:, AMI. 5, 
1 0 OiuW/c m 4 0#fclR§*l>«-^4S1**W* 

Cu (In, Ga) S, B^««i^"C^^ 

Igia^riSitC^^ft^r^— 3M5W>Cu { i n»..G 

.tt£KSm^e>£l»J9^*£Cu <In. G a > Si 30 

tmi*xi>i&iiMtmi>9M**nnv*** com 

Cu - I ft#..-Ca ( .i-0©?-y^ h2±r- 

h 3 ±^#ft 1/ -CBfrSK** i « * * Xvfimnm * > < * 
[ 0 0 4 3] *SftlP(tififr<!: l/"CAt>l/A^ 40 
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